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SEARCH FOR OPTICAL ACTIVITY I N  THE 

ORGUEIL METEORITE 

D r .  Ryoichi Hayatsu 

Enr i co  Fermi I n s t i t u t e  f o r  Nuclear  S t u d i e s  

Un ive r s i ty  of Chicago 

Chicago, I l l i n o i s ,  60637 

Nagy e t  a l l  have r e p o r t e d  t h e  d i scove ry  of o p t i c a l  a c t i v i t y  

i n  t h e  O r g u e i l  carbonaceous chondr i t e .  They observed a r o t a t i o n  

of -0.023" * 0.005* i n  an e x t r a c t  c o n s i s t i n g  mainly of o r g a n i c  

a c i d s  and hydrocarbons,  and concluded: "It seems r e a s o n a b l e  t o  

connec t  o p t i c a l  r o t a t i o n  i n  Orguei l  w i t h  b i o l o g i c a l  a c t i v i t y ,  

e i ther  of ind igenous  o r i g i n  or perhaps s t i l l  related t o  terres- 

* 
4% 

* 

t r i a l  contaminat ions .  '' 

I n  view of t h e  f a r - r each ing  i m p l i c a t i o n s  of t h i s  r e s u l t ,  I 

decided t o  v e r i f y  t h e  f i n d i n g s  of Nagy e t  a l .  

*- 

O r g u e i l  Meteorite. Through t h e  c o u r t e s y  of A. Cavai l lG,  I 

o b t a i n e d  a f r e s h l y  broken i n t e r i o r  sample of a 682-gram s t o n e  

f r o m  t h e  N a t u r a l  H i s t o r y  Museum, Montauban, France.  The sample 

w a s  comple te ly  free of f u s i o n  c r u s t  and any v i s i b l e  s u r f a c e  con- 

t amina t ion .  

E x t r a c t i o n  and Sapon i f i ca t ion . "  The sample of Nagy e t  a 1  was 

chemica l ly  heterogeneous,  c o n s i s t i n g  of hydrocarbons and s u l f u r  

i n  a d d i t i o n  t o  o r g a n i c  a c i d s .  I t  seemed d e s i r a b l e  t o  s e p a r a t e  
i 
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these components f rom each  o t h e r ,  no t  on ly  t o  l e s s e n  t h e  danger 

of mutual c a n c e l l a t i o n  of o p t i c a l  a c t i v i t y ,  but  a l s o  t o  avoid 

i n t e r f e r e n c e  by s u l f u r ,  which had been a problem i n  t h e  work of 

Nagy et a l .  I therefore modified t h e i r  procedure s l i g h t l y ,  t o  

e l i m i n a t e  s u l f u r  and t o  s e p a r a t e  hydrocarbons from a c i d i c  com- 

pounds. 

Sample A. Twenty grams of f i n e l y  powdered meteorite was 

put  th rough three Soxh le t  e x t r a c t i o n s  w i t h  100 m l .  each of benzene, 

chloroform,  and methanol. A f t e r  evapora t ion  of t h e  s o l v e n t s  

under  reduced p r e s s u r e ,  t h e  yellow r e s i d u e  was completely d i s s o l v e d  

i n  a b o i l i n g  benzene-ether  mixture ,  which  was t h e n  k e p t  a t  0" C 

for  24 hours .  Much of t h e  sulfur p r e c i p i t a t e d  OF, s t a n d i n g .  I t  

was removed by f i l t r a t i o n  and washed w i t h  ether and n-hexane. 

[To  r u l e  o u t  t h e  remote p o s s i b i l i t y  t h a t  a s m a l l  amount of an  o p t i -  

c a l l y  a c t i v e  compound was los t  w i t h  t h e  s u l f u r ,  I d i s s o l v e d  t h e  
ri  

r e s i d u e  i n  benzene, and passed t h e  s o l u t i o n  through a c o l l o i d a l  

copper column. Evaporat ion of t h e  now s u l f u r - f r e e  s o l u t i o n  gave 

a minute r e s i d u e  of 0.26 mg (sample A l ) .  ] A f t e r  e v a p o r a t i o n  of t h e  

s o l v e n t ,  t h e  p a l e  y e l l o w  r e s i d u e  was s a p o n i f i e d  by r e f l u x i n g  i t  

for three hours  w i t h  methanol ic  a l k a l i  ( 1  gram KOH i n  12 m l  methanol 

and 3 m l  w a t e r ) .  The s o l u t i o n  was poured i n t o  60 m l  of w a t e r ,  w i t h  

c o n s t a n t  s t i r r i n g ,  and e x t r a c t e d  w i t h  ether t o  remove t h e  unsaponi- 

f i a b l e  material, e .g .  hydrocarbons and t r a c e s  of s u l f u r .  

The u n s a p o n i f i a b l e  f r a c t i o n  was p u r i f i e d  acco rd ing  t o  t h e  

method of Blume? t o  remove the  s u l f u r .  It y i e l d e d  24.45  mg of 

a n  o i l y  s o l i d  (sample A2). The aqueous s o l u t i o n  w a s  a c i d i f i e d  w i t h  

10  p e r  c e n t  HC1 and e x t r a c t e d  w i t h  60 m l  of ether i n  a l i q u i d / l i q u i d  
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e x t r a c t o r  fo r  a pe r iod  of t w e l v e  hour s .  The ether s o l u t i o n  was 

washed w i t h  wa te r  and d r i e d ,  and t h e  s o l v e n t  was removed. The 

r e s i d u e ,  sample A 3 ,  weighed 10.76 m g .  
6 

Sample B. 16 grams of f i n e l y  powdered O r g u e i l  meteorite - 
which had a l r e a d y  been e x t r a c t e d  w i t h  wa te r  and a v a r i e t y  of 

o r g a n i c  s o l v e n t s 4  w a s  hydrolyzed w i t h  10  per c e n t  HC1 f o r  10  hours 

a t  looo  C. 

r e s i d u e  and e x t r a c t e d  w i t h  e ther  f i v e  t i m e s .  The i n s o l u b l e  r e s i d u e  

was t r e a t e d  w i t h  ether f o r  three hours  a t  r e f l u x i n g  t empera tu re ,  

The hydro lyza te  was f i l t e r ed  t o  remove t h e  i n s o l u b l e  

t h e  ether s o l u t i o n  was f i l t e r e d ,  and combined w i t h  t h e  e t h e r e a l  

s o l u t i o n  o b t a i n e d  above. T h e  combined s o l u t i o n  was washed w i t h  

0. 

n 

w a t e r ,  d r i e d ,  and evapora ted  under reduced p r e s s u r e .  The r e s i d u e  

c o n s i s t e d  of 9.63 m g  of a pale y e l l o w  o i l  (sample B). 

Methyl esters of A3  and B. To o b t a i n  a n o t h e r  set of chemi- 

c a l l y  wel l -def ined  samples ,  I treated samples  A 3  and B w i t h  

d iazomethane,  t he reby  conve r t ing  t h e  f a t t y  a c i d s  t o  t h e i r  m e t h y l  

esters (samples MA3 and MB). The ester samples ,  weighing 7.07 

and 7.37 mg, were c o l o r l e s s .  They were p u r i f i e d  by chromatography 

th rough  an  alumina column. 

I n f r a r e d  and u l t r a v i o l e t  spec t rophotometry .  The p r i n c i p a l  

a b s o r p t i o n  maxima of samples  A2, A3, B and t h e i r  methyl esters 

a r e  l i s t e d  i n  Table  1. The d a t a  of Nagy e t  a 1  a r e  g iven  f o r  c o m -  

p a r i s o n .  C l e a r l y ,  there is e x c e l l e n t  agreement between t h e  I R  

spectra of my samples  A 3  and B and Nagy's sample.  A l l  three, i n  

\ t u r n ,  match t h e  I R  spectra of long-chain,  s a t u r a t e d  c a r b o x y l i c  

a c i d s .  T h i s  i d e n t i f i c a t i o n  is confirmed by t h e  s p e c t r a  of t h e  

m e t h y l  esters. The s t r o n g  t r i p l e t  a b s o r p t i o n  a t  8.01, 8.34 and 

? 

- 

8.56 p is a characterist ic f e a t u r e  of t h e  s p e c t r a  of methyl esters 
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of long  c h a i n  a c i d s . s  The  methyl ester of sample B seemed t o  

c o n s i s t  l a r g e l y  of s a t u r a t e d  ac id  esters, w i t h  a s m a l l  admixture  

of non-conjugated u n s a t u r a t e d  ac id  esters.6 ,7 The presence  of 

u n s a t u r a t e d  esters i n  sample B (and t h e i r  absence i n  sample A3) 

w a s  confirmed by t h i n - l a y e r  chromatography, u s i n g  t h e  method of 

Mangold et  a1.8 

Three composi t iona l  d i f f e r e n c e s  between my samples  and 

t h o s e  of Nagy e t  a 1  should  be noted. Nagy e t  a1 a t t a c h e d  s o m e  

s i g n i f i c a n c e  t o  t h e  a b s o r p t i o n  bands a t  262 and 277 mp which 

w e r e  p r e s e n t  i n  the i r  samples but no t  i n  r e c e n t  b i o l o g i c a l  ma- 

t e r i a l  (F igure  l).  These bands, which were absen t  f r o m  my 

samples ,  s e e m  t o  have been due t o  e l emen ta l  s u l f u r . s , ' O y l l .  

F i g u r e  1 shows a spectrum of pure s u l f u r  a l o n g  w i t h  s p e c t r a  of 

Nagy's O r g u e i l  extract and my samples  A2 and A3. Most of t h e  

spec t r a l  f e a t u r e s  of Nagy's sample, i n c l u d i n g  t h e  peaks a t  ~ 2 6 2  

and e277 mp, a l s o  appear  i n  t h e  s u l f u r  spectrum. The O r g u e i l  

meteorite c o n t a i n s  between 1 and 2 per c e n t  f r e e  s u l f u r ,  and it 

seems t h a t  t h i s  e lement ,  rather t h a n  some h y p o t h e t i c a l  o r g a n i c  

compound, was r e s p o n s i b l e  f o r  t h e  extra  a b s o r p t i o n s  s e e n  by 

Nagy e t  al. 

I t  appea r s  t h a t  y e t  ano the r  t y p e  of ex t r aneous  m a t e r i a l  w a s  

p r e s e n t  i n  t h e  samples  of Nagy e t  a l :  o r g a n i c  s u l f u r  compounds 

produced d u r i n g  s a p o n i f i c a t i o n  by r e a c t i o n  of  benzene, methanol,  

and meteorite o r g a n i c s  w i t h  f ree  s u l f u r  and KOH. A c o n t r o l  ex- 

periment d u p l i c a t i n g  Nagy's s a p o n i f i c a t i o n  c o n d i t i o n s  showed t h a t  

260 m g  of s u l f u r  r e f l u x e d  fo r  f i v e  hours  w i t h  100 m l  of a benzene- 
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methanol  mixture  (6:4) i n  t h e  p r e s e n c e  of 2 . 9  g of KOH and 1 m l  

8 of water evolved I & S  and l e f t  a r e s i d u e  of  93 m g  of o r g a n i c  

s u l f u r  compounds and s u l f u r .  A t y p i c a l  22-gram sample of O r g u e i l  

c o n t a i n s  about  400 mg of S,  and s i n c e  Nagy's e x t r a c t  con ta ined  

a number of meteorite o r g a n i c s  i n  a d d i t i o n  t o  benzene and methanol,  

an even g r e a t e r  v a r i e t y  of such  "secondary" r e a c t i o n  p roduc t s  

might be expec ted .  This  is a n  important  p o i n t ,  t o  which w e  s h a l l  

I , r e t u r n  later.  

A f i n a l  composi t iona l  d i f f e r e n c e  conce rns  hydrocarbons and 

other non-saponi f iab le  compounds, w h i c h  comprised a s u b s t a n t i a l  

p a r t  of Nagy's sample.  Owing t o  t h e  l a c k  of  d i s t i n c t i v e  s p e c t r a l  

f e a t z r e s ,  t hey  did not  c o n t r i b u t e  s i g n i f i c a n t l y  t o  h i s  W and I R  

s p e c t r a ,  but  were detected by t h i n - l a y e r  chromatography. I n  my 

procedure,  these compounds appeared l a r g e l y  i n  sample A2, which 

was i n v e s t i g a t e d  s e p a r a t e l y .  Together ,  my samples  A l ,  A2, and A 3  

w e r e  e q u i v a l e n t  t o  t h e  samples  of Nagy e t  a l .  

C o n t r o l s .  The r e p o r t e d  o p t i c a l  r o t a t i o n ,  though a p p r e c i a b l y  

g r e a t e r  t h a n  t h e  nominal s e n s i t i v i t y  of t h e  p o l a r i m e t e r ,  l ies i n  

a range  where i n s t r u m e n t a l  a r t i f a c t s  can become s e r i o u s .  To 

guard a g a i n s t  s u c h  a r t i f a c t s ,  t h r e e  o p t i c a l l y  i n a c t i v e  c o n t r o l s  

were prepared .  C o n t r o l  1 w a s  a s a t u r a t e d  s o l u t i o n  of s u l f u r  i n  

CHC1,. Con t ro l  2 was e s s e n t i a l l y  a b lank  f o r  t h e  procedure  of 

Nagy et a l :  a chloroform s o l u t i o n  of t h e  mix tu re  of s u l f u r  and 

s u l f u r  compounds prepared  by r e f l u x i n g  S and KOH w i t h  benzene and 

methanol ( s e e  above) .  Con t ro l  3 was a da rk  yel low s o l u t i o n  of 
k 

0 impure a c y l a t e d  melamine. 
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O p t i c a l  Ro ta t ion .  To d u p l i c a t e  t h e  c o n d i t i o n s  of Nagy 

et  a 1  a s  c l o s e l y  a s  p o s s i b l e ,  my measurements w e r e  l i k e w i s e  

performed on t h r e e  d i f f e r e n t  Rudolph po la r ime te r s  a t  t h r e e  

d i f f e r e n t  i n s t i t u t i o n s :  a p h o t o e l e c t r i c  po la r ime te r  w i t h  

o s c i l l a t i n g  p o l a r i z e r  a t  t h e  Univers i ty  of  Chicago; a recording 

s p e c t r o p o l a r i m e t e r  a t  t h e  Univers i ty  of Albe r t a ;  and an  auto-  

mat ic  s p e c t r o p o l a r i m e t e r  a t  t h e  Argonne Na t iona l  Labora tory .  

For t h e  s a k e  of b r e v i t y ,  on ly  t h e  r e s u l t s  w i t h  t h e  last-namea 

ins t rument  a r e  c i ted,  bu t  t h e  o t h e r  t w o  se ts  of  d a t a  were 

q u i t e  s i m i l a r  (Table  2). 

None of  t h e  s i x  samples  i n v e s t i g a t e d  showed a s i g n i f i c a n t  

o p t i c a l  r o t a t i o n  a t  440 mp, The h ighes t  res'-llt, -0.00024", 

was n e a r l y  an  order of magnitude lower t h a n  t h e  r o t a t i o n  of  

-0.023"i0.005 and -0.020°&0.005 which Nagy e t  a 1  found i n  t w o  

samples  of Orgue i l ,  a t  435 and 440 mp, r e s p e c t i v e l y .  Moreover, 

t w o  of my c o n t r o l s  gave h ighe r  v a l u e s  t h a n  any of my meteorite 

samples  : -0.0053 and -0.0093 O .  

Nagy et  a 1  had noted t h a t  t h e  o p t i c a l  r o t a t i o n  of  t h e i r  

samples  inc reased  a t  lower wavelengths ,  b u t ,  owing t o  t h e  presence  

of s u l f u r  and its secondary  r e a c t i o n  p roduc t s ,  t h e y  were unable  

t o  go below 435 mH. Neither  of t h e s e  i n t e r f e r i n g  s u b s t a n c e s  was 

p re sen t  i n  my samples ,  and I w a s  t h e r e f o r e  ab le  t o  ex tend  t h e  

measurements down t o  340 mp. As t h e  t ransparency  l i m i t  was 

approached, t h e  samples  began t o  show an  i n c r e a s i n g  " r o t a t i o n " ,  

bu t  s i n c e  t h e  c o n t r o l s  showed the same behav io r ,  t h i s  " r o t a t i o n "  

s e e m s  t o  have been an  in s t rumen ta l  a r t i f a c t  a r i s i n g  under  condi-  

t i o n s  of low l i g h t  t r ansmiss ion .  For ease of  comparison, t h e  
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d a t a  a r e  p l o t t e d  i n  F igu re  2. Note t h a t  a t  340 mp t h e  t r a n s -  

p a r e n t  sample A4A3 gave only  one- ten th  t h e  r o t a t i o n  o f  t h e  

r a t h e r  s t r o n g l y  absorb ing  sample A 3 ,  a l t hough  both w e r e  of 

s i m i l a r  composi t ion and concen t r a t ion .  The c o n t r o l s ,  a l l  of 

which had a p p r e c i a b l e  abso rp t ion  i n  t h e  nea r  UV,  gave even 

l a r g e r  r ead ings  a t  t h i s  wavelength,  which ,  however, f l u c t u a t e d  

badly .  I t  would seem t h a t  s t r o n g l y  absorb ing  s o l u t i o n s  a r e  

a p t  t o  g i v e  a f a l s e  l aevo- ro ta t ion .  

Figure 2 a l s o  inc ludes  Nagy's d a t a  on Orgue i l .  Ev iden t ly ,  

my samples  d o  no t  show t h e  conspicuous l aevo- ro ta t ion  a t  440 mp, 

which  is p r e s e n t  i n  Nagy's sample.  Before a c c e p t i n g  t h i s  d i s -  

c repancy  a s  s i g n i f i c a n t ,  we must examine some of t h e  more obvious  

s o u r c e s  of error. A t  l e a s t  f o u r  p o s s i b i l i t i e s  come t o  mind. 

(1) Chemical Composition! i . e . ,  t h e  o p t i c a l l y  a c t i v e  com-  

pounds w e r e  l o s t  i n  my procedure.  T h i s  is h a r d l y  p o s s i b l e .  

Both procedures  w e r e  based on t h e  same p r i n c i p l e s :  s o l u b i l i t y  

i n  benzene and methanol ,  s a p o n i f i a b i l i t y ,  s o l u b i l i t y  i n  e t h e r .  

A l l  m a t e r i a l  i n i t i a l l y  e x t r a c t e d  from t h e  m e t e o r i t e  was measured 

on t h e  po la r ime te r .  The I R  and W s p e c t r a ,  and t h e  t h i n - l a y e r  

chromatograms show t h a t  a l l  c l a s s e s  of o r g a n i c  compounds i d e n t i f i e d  

by Nagy e t  a1  were a l s o  p re sen t  i n  my samples .  

(2) Sample S i z e .  Nagy et a 1  d i d  no t  g i v e  t h e  we igh t  of t h e i r  

samples ,  owing t o  t h e  presence  of  an inde te rmina te  amount of 

s u l f u r .  But there is good reason  t o  b e l i e v e  t h a t  my samples  w e r e  

of comparable size. Nagy e t  a 1  used t h e  e x t r a c t i o n  procedure  of 

Nagy and Bitz''? which had p rev ious ly  y i e lded  580-675 pg of c a r -  

boxy l i c  a c i d  methyl  es te rs  p e r  gram of Orgue i l .  T h i s  cor responds  
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t o  ( c a l c u l a t e d )  ester c o n t e n t s  of 14 .9 ,  7 .8 ,  and 7 . 5  mg f o r  t h e  

three samples  of Nagy et  a l .  My ester samples  i n i t i a l l y  w e r e  

of s imilar  s ize:  7 . 1  and 7 . 4  mg, a l though r epea ted  t r a n s f e r s  

e v e n t u a l l y  reduced these amounts t o  6 . 4  and 6.6 mg. 

(3) Inhomogeneity of Meteor i t e .  One might  s p e c u l a t e  t h a t  

t h e  o p t i c a l l y  a c t i v e  o r g a n i c  compounds a r e  very  unevenly d i s -  

t r i b u t e d  among d i f f e r e n t  s t o n e s  of t h e  Orgue i l  meteorite shower, 

and t h a t  my 682-gram s t o n e  happened t o  c o n t a i n  much lower l e v e l s  

of these compounds t h a n  d i d  t h e  three s t o n e s  of Nagy e t  a l .  

T h i s  is improbable.  As shown above, t h e  682-gram s t o n e  c o n t a i n s  

comparable amounts of ca rboxy l i c  a c i d s ;  i t  a l s o  c o n t a i n s  p e r f e c t l y  

nermal. levels of amino acids:3 :14 nitrogen compounds:5 hydro- 

carbons16 ,17 s u l f u r ,  epsomi te ,  and many o r g a n i c  compounds (R. 

Hayatsu,  unpubl ished work).  

(4)  I n s t r u m e n t a l  S e n s i t i v i t y  The p o l a r i m e t e r s  used i n  9 
t h i s  s t u d y  had s e n s i t i v i t i e s  of 0.001" and 0.0005'. T h i s  

cor responds  t o  4 p e r  c e n t  and 2 per c e n t  t h e  r o t a t i o n  r e p o r t e d  

by Nagy e t  a l ,  -0.023°k0.005. Apparent ly  these i n s t r u m e n t s  were 

s e n s i t i v e  enough t o  detect an  o p t i c a l  r o t a t i o n  of t h e  order  of 

0.02 degrees .  Of cou r se ,  t h e  o v e r - a l l  s e n s i t i v i t y  a l s o  depends 

on t h e  c e l l  l e n g t h ,  ce l l  volume, and c o n c e n t r a t i o n .  My measure- 

ments w e r e  performed i n  s e m i - m i c r o  c e l l s  of 1 d m  p a t h  l e n g t h  

and 0.7 m l  volume, a t  c o n c e n t r a t i o n s  of 6-12 mg/ml. Nagy e t  a 1  

s t a t e  n e i t h e r  t h e  c o n c e n t r a t i o n ,  nor t h e  c e l l  volume o r  c e l l  

l e n g t h  used i n  t he i r  measurements. They mention t h a t  t h e i r  d a t a  

w e r e  r e c a l c u l a t e d  t o  some s t anda rd  c e l l  l e n g t h ,  but  do not  s t a t e  

e x p l i c i t l y  what t h i s  ce l l  l eng th  was. Even though it  is n o t  



-9- 
c 

p o s s i b l e ,  f o r  lack of informat ion ,  t o  de te rmine  t h e  exact s e n s i -  

t i v i t y  of Nagy's measurements, there seems t o  be no i n d i c a t i o n  

t h a t  i t  was s i g n i f i c a n t l y  h igher  t h a n  t h a t  of t h e  p r e s e n t  s t u d y .  

S o l u b i l i t y  and o p t i c a l  t r ansmi t t ancy  c o n s i d e r a t i o n s  a l o n e  p rec lude  

a p p r e c i a b l y  smaller ce l l  volumes and h i g h e r  c o n c e n t r a t i o n s .  

Thus a s e r i o u s  d iscrepancy  ex i s t s  between the  r e s u l t s  of 

t h e  p r e s e n t  s t u d y  and those of Nagy e t  a l .  The cause  of t h e  d i s -  

crepancy is n o t  e n t i r e l y  clear.  Nagy et  a1  concede t h a t  t h e  laevo- 

r o t a t i o n  d e t e c t e d  by them might "perhaps still  [ r e l a t e d  t o  

terrestr ia l  contaminat ion."  Another p o s s i b i l i t y  is i n t e r f e r e n c e  

by c o l l o i d a l  s u l f u r ,  which was i n t e n t i o n a l l y  put i n  some of t h e i r  

b l anks ,  a p p a r e n t l y  t o  compensate €or the  colleidal m l f u r  cmteot  

of t h e  samples .  F i n e l y  d i s p e r s e d  p a r t i c u l a t e  matter can  s i m u l a t e  

a f a l s e  o p t i c a l  r o t a t i o n .  A s l i g h t l y  t u r b i d  s o l u t i o n  of my sample 

B gave an  appa ren t  l aevo- ro ta t ion  of a s  much as -0.08" which d isap-  

peared completely a f t e r  t h e  s o l u t i o n  was f i l t e r e d .  Nagy e t  a 1  

f i l t e red  t w o  of t h e i r  three samples through a 0.45 p u l t r a - f i l t e r ,  

but  a f i l t e r  of t h i s  pore  s ize  cannot  remove co l lo ida l  p a r t i c l e s .  

I t  is perhaps  very  s i g n i f i c a n t  t h a t  t h e  o p t i c a l  r o t a t i o n  

found by Nagy e t  a 1  always appeared ve ry  c l o s e  t o  t h e  a b s o r p t i o n  

Cutoff (Table 3). Ins t rumen ta l  a r t i f a c t s  a r e  m o s t  l i k e l y  t o  a r i s e  

under  c o n d i t i o n s  of low l i g h t  i n t e n s i t y ;  indeed,  even my o p t i c a l l y  

i n a c t i v e  c o n t r o l s  gave an apparent  " r o t a t i o n "  i n  r e g i o n s  of  appre-  

c iab le  a b s o r p t i o n .  Con t ro l  2 is e s p e c i a l l y  p e r t i n e n t  t o  t h i s  

q u e s t i o n .  I t  c o n s i s t e d  l a r g e l y  of o r g a n i c  s u l f u r  compounds d e r i v e d  

f r o m  t h e  r e a g e n t s  i n  Nagy's s a p o n i f i c a t i o n  procedure.  An a l i q u o t  

of 10 mg s u f f i c e d  t o  g i v e  an apparent  o p t i c a l  r o t a t i o n  of  -0.0053' 

3 
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a t  440 mp: o n e - f i f t h  t h a t  r epor t ed  by Nagy i n  Orgue i l .  But t h e  

t o t a l  amount produced under  c o n d i t i o n s  d u p l i c a t i n g  Nagy's pro- 

cedure  w a s  93 mg; more than  enough t o  account  f o r  t h e  observed 

r o t  a t  i o n .  

To some e x t e n t ,  t h e  effect of l i g h t  a b s o r p t i o n  can be com- 

pensa ted  by use of colored blanks.  But Nagy's b lanks  had a l o w e r  

absorbance  a t  440 mp than  d i d  t h e  meteorite extract  (F igu re  2 

i n  Nagy e t  a l ) .  T h i s  uncompensated l i g h t  a b s o r p t i o n  may w e l l  have 

been r e s p o n s i b l e  f o r  m o s t  or a l l  of t h e  apparent  r o t a t i o n .  

F i n a l l y ,  a few comments should  be made on t h e  q u a n t i t a t i v e  

s i g n i f i c a n c e  of t h e  n e g a t i v e  r e s u l t s  ob ta ined  i n  t h e  p re sen t  

s tudy .  The h i g h e s t  apparent  " ro t a t ion" ,  -0.0024O a t  440 mpL, was 

o b t a i n e d  on sample A3. T h i s  cor responds  t o  a s p e c i f i c  r o t a t i o n  

[a],*, of ~0.33" m l  g-ldm-'. 

a c i d s  have l a r g e r  specif ic  r o t a t i o n s ,  t h e  order of 10" m l  g-ldm-'. 

Most o p t i c a l l y  a c t i v e  c a r b o x y l i c  

But i n  a sample c o n t a i n i n g  a mixture  o f  a c i d s ,  mutual c a n c e l l a t i o n  

of a c t i v i t y  and d i l u t i o n  by i n a c t i v e  a c i d s  w i l l  d e p r e s s  t h i s  v a l u e  

g r e a t l y .  Indeed, n e i t h e r  t h e  f a t t y  a c i d s  f rom brown a l g a e  n o r  

t h e  nap then ic  a c i d s  from petroleum measured by Nagy e t  a1 gave any 

d e t e c t a b l e  r o t a t i o n  i n  s p i t e  of t h e i r  e v i d e n t  (or presumed) b i o l o g i -  

c a l  o r i g i n .  Perhaps  t h e  m o s t  conc lus ive  r e s u l t  t o  date has  been 

ob ta ined  on an  amino a c i d  f r a c t i o n  from Orguei l13 .  H e r e ,  t h e  mutual 

c a n c e l l a t i o n  of a c t i v i t y  w a s  e x p l i c i t l y  t aken  i n t o  account .  If 

these amino a c i d s  w e r e  b iogenic ,  and c o n s i s t e d  of one o p t i c a l  isomer 

on ly ,  a r o t a t i o n  of 0.0046' would have been expec ted .  The v a l u e  

a c t u a l l y  ob ta ined  was SO. 001". 
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Summary: T h i s  work does  n o t  conf i rm t h e  reported presence  

of o p t i c a l l y  a c t i v e  compounds i n  t h e  O r g u e i l  meteorite. None 

of the  s e v e r a l  f a t t y  a c i d  and hydrocarbon f r a c t i o n s  measured 

gave a r o t a t i o n  exceeding  t h a t  of o p t i c a l l y  i n a c t i v e  c o n t r o l s .  

The h i g h e s t  v a l u e  observed,  -0.0024", is an  order of magnitude 

l o w e r  t h a n  t h e  r o t a t i o n  r e p o r t e d  by Nagy e t  a l ,  -0.023". I t  

co r re sponds  t o  a s p e c i f i c  r o t a t i o n  [a],,, of  less t h a n  0.33" 

ml g-ldm-'. 

I w i s h  t o  e x p r e s s  my thanks  t o  P r o f e s s o r  Edward Anders f o r  

v a l u a b l e  a d v i c e  and d i s c u s s i o n  throughout  t h i s  work. I a m  a lso 

indeb ted  t o  P r o f e s s o r  W. A. Ayer  of t h e  U n i v e r s i t y  of Albe r t a  

and Drs. L. Katz in  and E. Gulyas of t h e  Argonne Na t iona l  Labora- 

t o r y  f o r  h e l p f u l  d i s c u s s i o n s ,  and f o r  permiss ion  t o  u s e  t h e i r  

i n s t r u m e n t a l  f a c i l i t i e s  f o r  some of t h e  o p t i c a l  r o t a t i o n  measure- 

ments. T h i s  work was suppor ted  i n  p a r t  by t h e  N a t i o n a l  Aero- 

n a u t i c s  and Space Admin i s t r a t ion  under  Research Grant NsG-366. 
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TABLE 1 

I .  R.  ifand U. V. Spec t r a l  Data of Orgueil  Meteorite Ext rac ts  

8 

Author Sample I. R. (PI U . V .  (nw) 
Nagy et  a1 1 ,2a)  3 . 3 ,  3 . 7 ,  5.85, 10.7 220, 262, 277 

Hayatsu A 3  b, 3 .34 ,  3.69, 5.85, 10.69 218 

Hayatsu B b, 3 .34 ,  3.68, 5.84, 5 .89 ,d)  218-220 

Hayatsu MA3b) 5.75, 8.01, 8.34, 8 .56 Not measured 

Hayatsu mb) 5.77, 5 . 8 l Y d )  8.0-8.1, Not m e  a su red  

Havatsu 6 . l l=6 .3@ ?io absorpt ion 

10.68 

8.39, 8.57 

betweer, 320-?00 

I . R .  s p e c t r a  w e r e  measured in: 

a)CC1,; b) cs, ; C )  CHC1, 
i n  methanol. d)weak shoulder;  e )  weak broad absorpt ion.  

A l l  U.V. spec t r a  were measured 



, 1 -  . . 

i 

i t  

cv 
w 
I 4  

4 
E 
m 

* m 
rl 
0 
k + 
E 
0 u 
P c 
Q 

m 
c, 
0 
d 
k + x w 
a, 
i' 
d 
k 
0 
a, + 
Q, 
E 
d 
d 
a, 

Z J  

(H 
0 

c 
0 
d 
c, 
cd + 
2 
rl 
cd u 
4 + a 
0 

n 
=L 
E 

c 
c, 
M 
c 
a, 
ri 
a, 
s 
cd 
3 

v 

2 
e. 
u1 
a, 
a, 
k 
M 
Q, 
'CI 

c 
0 
.d 
c, 
cd 
c, 
0 s 

W 

I 
I 

I 
I 

0 
d 
0 
0 

0 
i 

0 
0 
0 

0 
$I 

I 
I 

cv 
rl 
0 
0 

0 
I 

rl 
E 
d 
\ co 
N 

0 

d 
4 

0 
cv 
0 

0 
I 

m 
b 
0 
0 

0 
I 

CD 

0 
0 

0 
i 

m 

0 
rl 
0 
0 

0 
I 

0 
rl 
0 
0 

0 
I 

rl 
rl 
0 
0 

0 
I 

d 
E 
rl 
\ 
In 
CD 

N 
d 

cv 
4 

Q, 
m 
0 

0 
I 

ri 
co 
0 
0 

0 
I 

Q, cv 
0 
0 

0 
: 

dc cv 
0 
0 

0 
I 

0 

0 
0 

0 
I 

m 

0 
rl 
0 
0 

0 
I 

rl 
E 
rl 
\ 
d 
cv 
b 

2 

I 
I 

0 
00 
0 
0 

0 
I 

dc cv 
0 
0 

0 
i 

00 
rl 
0 
0 

0 
I 

dl 
rl 
0 
0 

0 
I 

co 
d 
0 
0 

0 
I 

rl 
E 
rl 
\ 
0 
dc 

00 

a 

m 
dc 
0 
0 

0 
I 

0 
m 
0 
0 

0 
I 

m 
4 
0 
0 

0 
i 

0 
d 
0 
0 

0 
I 

cv 
4 
0 
0 

0 
4 

0 
ri 
0 
0 

0 
I 

rl 
E 
ri 
\ 
In 
m 
co 

3 

0 
dc 
0 
0 

0 
I 

I 
I 

cv cv 
0 
0 

0 
i 

CD 
d 
0 
0 

0 
I 

I 
I 

CD 
rl 
0 
0 

0 
I 

rl 
E 
rl 
\ cv 
CD 

co 

a z 

I 
I 

CD 
Q, 
0 
0 

0 
I 

0 
In 
0 
0 

0 
i 

00 
rl 
0 
0 

0 
I 

c3 
d 
0 
0 

0 
I 

In 
d 
0 
0 

0 
I 

P 
a, 
c, 
td 
k 
I 
c, 
d 
m 

rl 

rl 
0 
k 
c, 
c 
0 u 

+ 

+ 

cv 
Q, 
0 
0 

0 
I 

m 
In 
0 
0 

0 
I 

Q, 

0 
0 

0 
I 

m 

dc 
rl 
0 
0 

0 
I 

d 
E 
dc 
rl 
\ cv 
0 

0 
rl 

cv 
rl 
0 
k + 
E 
0 u 

+ 

+ 

CD 
rl 
0 

0 
i 

m 
Q, 
0 
0 

0 
I 

rl 
01 
0 
0 

0 
I 

0 
cv 
0 
0 

0 
I 

rl 
E 
dc 
rl 
\ 
b 
rl 

0 
rl 

m 
rl 
0 
k 
c, 
E 
0 u 

0 + 
M 
E 
d : 
.. 

a, 
rl 
P 
-d 
0 
I 
P 
0 
k a 
a, 
k 
k 
d 

+ - 2 
.. 

a, 
M 
k 
Q 
rl 

- c 
E 
0 
4 + 
cd 
c, 
0 
k 

P 
a , .  
s a ,  
& A  
ala 
W E  
Pal o m  
4 %  
P 

P C  a 0  
k r c  
IC, m a  
cdk 
a , o  
E m  
P 

W L I I  
0 
R +  c 
I M  
d - -  rl 

m 
d M  o c  
P O  
E k  
hc, 

- - 

... 

m m  



TABLE 3 

Optical  Rotation of Orgueil Samples of Nagy et a1 

Sample Sample Sample 
1 2 3 

Maximum r o t a t i o n  (degrees)  -0.020 -0.012 -0.023 

X of maximum r o t a t i o n  (mp) 440 450 43 5 

X of "no transmittance" ( m p )  435 440 406 



. F1GUR;E CAPTIONS 

Fig .  1. U l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  of O r g u e i l  meteorite 

e x t r a c t s .  U n i d e n t i f i e d  f e a t u r e s  a t  262 and 277 mp i n  sample 

of Nagy e t  a 1  seem t o  be due t o  e l emen ta l  s u l f u r ,  rather t h a n  

t o  o r g a n i c  compounds. 

Fig. 2. O p t i c a l  r o t a t i o n  of O r g u e i l  meteorite extracts and 

c o n t r o l s .  Meteorite e x t r a c t s  prepared  i n  t h i s  work do no t  

show a s i g n i f i c a n t  l a e v o - r o t a t i o n  a t  435-440 mp, i n  c o n t r a s t  t o  

sample of Nagy et  a l .  However, both t h e  e x t r a c t s  and o p t i c a l l y  

i n a c t i v e  c o n t r o l  samples beg in  t o  show a f a l s e  " r o t a t i o n "  a s  

t h e i r  . absorp t ion  cutoff is approached. "Rotat ion" i n  sample of 

Nagy e t  a1 may be of t h e  s a m e  spurious n r i g i ~  since it x i s  

measured only  5mp above the a b s o r p t i o n  cutoff. 
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